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$\mathrm{Y}$ Cantor , $\psi$ $\mathrm{Y}$ (minimal)
$y\in \mathrm{Y}$ $\{\psi^{n}(y)|n\in \mathbb{Z}\}$ $\mathrm{Y}$
. $(\mathrm{Y}, \psi)$ Cantor (Cantor minimal dynamical
system) $(\mathrm{Y}, \psi)$ $C(Y, \mathbb{Z})$ $\mathrm{Y}$
, $B_{\psi}:=\{f-f\circ\psi|f\in C(Y, \mathbb{Z})\}$ . $C(\mathrm{Y}, \mathbb{Z})$
$C(\mathrm{Y}, \mathbb{Z})$ , $B_{\psi}$ $C(\mathrm{Y}, \mathbb{Z})$ .
( ) .
$K^{0}(\mathrm{Y},\psi):=C(Y, \mathbb{Z})/B_{\psi}$ , $K^{0}(\mathrm{Y}, \psi)^{+}:=\{[f]\in K^{0}(\mathrm{Y}, \psi)|f\geq 0, f\in C(Y, \mathbb{Z})\}$
$1\in C(X, \mathbb{Z})$ [1] $K^{0}(\mathrm{Y}, \psi)$ .
Herman, Putnam, Skau $K^{0}(\mathrm{Y}, \psi)$ acyclic $(G\not\cong \mathbb{Z})$
, acyclic Cantor
$([\mathrm{H}\mathrm{P}\mathrm{S}])$ . Giordano, Putnam, Skau
Cantor ([GPSI]).
( , , ) 3 .
$(G, G^{+}, u)$ $G$ state $\omega$ $\omega$ : $Garrow \mathbb{R}$
$\omega(u)=1$ . $S(G)$ $G$ state . $S(G)$
. $G=K^{0}(\mathrm{Y},\psi)$
, $S(K^{0}(\mathrm{Y}, \psi))$ $\mathrm{Y}$ $\psi$- $\mathcal{M}_{\psi}(Y)$ (
) .
$\Phi$ : $\mathcal{M}_{\psi}(\mathrm{Y})arrow S(K^{0}(\mathrm{Y}, \psi))$
$\Phi(\mu)[f]:=\int fd\mu$ , $f\in C(Y, \mathbb{Z})$
$([\mathrm{H}\mathrm{P}\mathrm{S}]:\mathrm{T}\mathrm{h}\mathrm{e}\mathrm{o}\mathrm{r}\mathrm{e}\mathrm{m}5.4)$ .
2 (X, $\phi$) $)(Y, \psi)$ factor maP $\pi:Xarrow Y$ ( $\pi$
$\pi\circ\phi=\psi\circ\pi$ ) , 2 $\phi,\psi$
. ’ $\tilde{\pi}$ : $\mathcal{M}_{\phi}(X)arrow \mathcal{M}_{\psi}(Y)$
(\mu ): $=\mu\circ\pi^{-1}$ , $\mu\in \mathcal{M}_{\phi}(X)$ .
. $\tilde{\pi}$ ( $[\mathrm{D}\mathrm{G}\mathrm{S}]:$Propositions
3.2, 3.11), $\tilde{\pi}$ $\phi$- ( $\mathcal{M}_{\phi}(X)$
) $\mathrm{e}\mathrm{x}\mathcal{M}_{\phi}(X)$ $\psi$- $\mathrm{e}\mathrm{x}\mathcal{M}_{\psi}(Y)$ .
. $\tilde{\pi}$
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, $\tilde{\pi}(\mathrm{e}\mathrm{x}\mathcal{M}_{\phi}(X))\subset \mathrm{e}\mathrm{x}\mathcal{M}_{\psi}(Y)$ .
$E\in \mathcal{B}(\mathrm{Y})$ $\psi$- Borel , $\mu\in \mathrm{e}\mathrm{x}\mathcal{M}_{\phi}(X)$ .
$\pi 0\phi\circ\pi^{-1}(E)=\psi 0\pi 0\pi^{-1}(E)=\psi(E)=E$,
$\pi 0\phi^{-1}0\pi^{-1}(E)=\psi^{-1}0\pi 0\pi^{-1}(E)=\psi^{-1}(E)=E$ ,
$\phi 0\pi^{-1}(E)\subset\pi^{-1}(E),$ $\phi^{-1}\circ\pi^{-1}(,E)\subset\pi^{-1}(E)$ ,
$\phi\circ\pi^{-1}(E)=\pi^{-1}(E)$ . $\pi^{-1}(E)$ , $\mu$
$\mu(\pi^{-1}(E))=0$ 1 . $\tilde{\pi}(\mu)$ .
.
2 Cantor $(X, \phi),$ $(Y,\psi)$ factor map $\pi$ : $Xarrow Y$
. $\pi^{*}:$ $K^{0}(Y,\psi)arrow K^{0}(X, \phi)$
$\pi^{*}[f]:=[f\mathrm{o}\pi]$ $f\in C(Y,\mathbb{Z})$
. $\pi^{*}$ (
$[f]\in$. $K^{0}(\mathrm{Y}, \psi)^{+}$ $\pi^{*}[f]\in K^{0}(X, \phi)^{+}$ )
$([\mathrm{G}\mathrm{W}]:\mathrm{P}\mathrm{r}\mathrm{o}\mathrm{p}\mathrm{o}\mathrm{s}\mathrm{i}\mathrm{t}\mathrm{i}\mathrm{o}\mathrm{n}3.1)$ .
almost one-to-one factor . 2 (X, $\phi$), $(Y, \psi)$
factor map $\pi$ almost one-to-one , $\{x\in X||\pi^{-1}\pi(x)|=1\}$
( – ) . $(Y, \psi)$ $(X, \phi)$ almost
one-to-one factor, $(X, \phi)$ ( $Y$, th) almost one-to-one extension .
(X, $\phi$) $|\pi^{-1}\pi(x)|=1$ $x\in X$ , $\pi$
alomost one-to-one factor map .
$(\mathrm{Y},\psi)$ Cantor . ,
.
1. $(X,\phi)$ Cantor , almost one-to-one factor map $\pi$ :
(X, $\phi$) $arrow(Y,\psi)$ ,
(1) $\pi^{*}:$ $K^{0}(\mathrm{Y}, \psi)arrow K^{0}(X, \phi)$ .
(2) $\pi^{*}$ $K^{0}(X, \phi)/\pi^{*}(K^{0}(\mathrm{Y}, \psi))$ .
(3) $\tilde{\pi}$ : $\mathcal{M}_{\phi}(X)arrow \mathcal{M}_{\psi}(Y)$ , $\tilde{\pi}(ex\mathcal{M}_{\phi}(X))=$
$ex\mathcal{M}\psi(\mathrm{Y})$ .
(3) (3’) .
(3’) $\hat{\pi}$ : $S(K^{0}(X, \phi))arrow S(K^{0}(\mathrm{Y}, \psi)),\hat{\pi}(\mu):=\mu\circ\pi^{*}$
, $\hat{\pi}(exS(K^{\mathit{0}}(X, \phi)))=exS(K^{0}(Y, \psi))$ .
$\pi$ almost one-to-one factor factor map (1),(3)
. almost one-to-one factor (2) .




2. Cantor $(Y, \psi)$ $G$ .
(i) $\iota$ : $K^{0}(Y, \psi)arrow G$ .
(ii) $\iota$ $G/\iota(K^{0}(Y, \psi))$ .
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(iii) $\iota^{*}:$ $S(G)arrow S(K^{\mathit{0}}(Y,\psi)),$ $\iota^{*}(\mu):=\mu\circ\iota$
, $\iota^{*}(\mathrm{e}\mathrm{x}S(G))=\mathrm{e}\mathrm{x}S(K^{0}(Y,\psi))$ .
Cantor $(X,\phi)$ .
(a) almost one-to-one factor map $\pi:(X, \phi)arrow(Y, \psi)$ .
(b) $\alpha:K^{\mathit{0}}(X,\phi)arrow G$ $\alpha\circ\pi^{*}=\iota$ .
(iii) .
$l$ : $Harrow G$ , $\iota^{*}$ : $S(G)arrow S(H)$ ,
$\iota^{*}(\mu):=\mu\circ\iota$ .
(iii) $\iota^{*}(\mathrm{e}\mathrm{x}S(G))\neq \mathrm{e}\mathrm{x}S(H)$
$G,$ $H$ $([\mathrm{S}])$ .
Giordano, Putnam, Skau 2 (i), (ii)
(a), (b) Cantor (X, $\phi$) $([\mathrm{G}\mathrm{P}\mathrm{S}2])$ .
. $\iota$ : $Harrow G$ $\iota(H)$
$G$ $g<g’$ $g,g’\in G$ , $h\in H$





3. 2 (i), (ii),(iii) , (a), (b) Cantor (X, $\phi$)
.
Cantor , state l ,
, 3 .
4. $(\mathrm{Y}, \psi)$ – Cantor , $G$
2 (i),(ii) . (a), (b) Cantor
$(X, \phi)$ .
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